Neutral beam injection is the preferred heating method to provide a deposited power of ≈16 MW in the plasma of ITER. The neutralization of D + beams is inefficient at 1 MeV. In contrast, the energy conversion rate for D⎯ beams is 60 % at the same energy level. When considering the state-of-the-art on H⎯/D⎯ ion sources, ions are conventionally produced either inside the plasma volume and / or throughout plasma-surface interactions.
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The volume production of negative H⎯/D⎯ ions is based on the dissociative electron attachment (DA) to highly vibrationally-excited molecules H 2 (X, v") . This well known two-step mechanism, which needs both fast and slow electrons [1, 2] , produced in the RF volume source developed at DESY [3] , without caesium, a current density of 120 mA/cm² (ITER requirement is 20 mA/cm²). The surface production of negative ions has, up to now, been induced by surface ionization on a low work function material. For this purpose, caesium has been used in many cases (LBNL, JAEA, and KEK facilities). Despite a real enhancement in the negative ion production (by 150 % in the JAEA source), the use of caesium remains problematic and could lead to many drawbacks in the functioning of ITER as it escapes the ion source between pulses and diffuses into the accelerator.
An innovative strategy to enhance the production of H⎯/D⎯ ions lies in the possibility of recycling the atomic hydrogen into highly vibrationally-excited molecular hydrogen through aiming the atoms at a surface in order to stick them and make them react in a recombinative desorption process. The second step is the same as for volume production, that is the produced H 2 (X, v") molecules can be converted into H⎯ ions by DA with slow electrons (T e < 1 eV). Recent experiments suggest that this production mechanism (recombinative desorption followed by DA) could be highly effective with specific surfaces (fresh tantalum on surface increases the negative ion density [4] by more than 60 %).
The purpose of this present study is to find how to improve the recombinative desorption mechanism by thoroughly investigating the interaction between well-defined hydrogen plasma and well-chosen materials. Yet, surface mechanisms which have to be taken into account for both creations and losses of H 2 (X, v") molecules, are extremely complex: a 'theoretical material' can be very different from a real manufactured surface and plasma interactions can damage or modify the surface by sputtering, heating or surface passivation. In addition, the hydrogen plasma must have an important ratio of cold electrons in order to promote the DA step.
This study is performed in the "Camembert III" ion source described in several papers [5] [6] . Briefly, this source uses 7 dipolar microwave (2.45 GHz) plasma sources [7] placed at the top of a cylindrical stainless-steel chamber containing sixteen columns of samarium-cobalt magnets. Photodetachment measurements are performed with a 1064 nm Nd-Yag laser. Variations of the plasma potential are monitored by a cylindrical Langmuir probe. Various substrates are studied via the insertion of samples consisting of thin (1 mm thick) disks of 70 mm in diameter supported by a manual XYZ stage. Displacements of the disk sample allow photodetachement measurements in the vicinity of the surface without any movement of the laser beam and the collecting probe.
The first obtained results show an important increase of the signal when tantalum or graphite is used (respectively 130 % and 100 %). These reactive materials induce a more significant enhancement while positively biased. On the other hand, passive material as stainless steel does not induces a significant modification of the photodetachment signal linked to volume production of H - (Fig. 1) . In order to unravel the mechanism inducing the raise of the photodetachment signal when the disk is positively polarised, emissive and Langmuir probes measurements were performed. These diagnostics allow an accurate investigation of potentials, electron temperature and density in the vicinity of the sample. Preliminary results show a modification of the plasma potential (V p ) if the disk is positively biased (+ 8 V). This well known phenomenon [8] [9] is induced by the large size of the disk (with respect to the plasma chamber). To avoid a shift of V p when the substrate is polarized, smaller disks (1 cm 2 instead of 38 cm 2 ) will be used. The main interest of keeping V p undisturbed lies in the possibility of adjusting the sheath between the plasma and the investigated material. If the sheath vanishes, then cold electrons (< 1eV) can reach the surface without being reflected by an electrostatic field. As for tantalum and graphite H -ion production implies a two step mechanism (recombinative desorption and DA). If the density of cold electrons increases near the surface then DA between cold electron and excited molecules will be promoted. Fig. 2 presents results obtained in the vicinity of the surface of the sample when no bias potential is applied. The pre-sheath is clearly observed, while the sheath itself remains too small to be investigated (less than 0.05 mm). The variation of the plasma density is consistent with ambipolar diffusion mechanism currently observed in cold plasma. 
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